INTRODUCTION 52 53
Starter cultures used for the production of soft and semi-hard cheeses are extensively 54 formed by strains of Lactococcus lactis. The widespread use of starter cultures sold by a 55 relatively limited number of producers has however restricted the number of strains 56 used in industrial dairy fermentations, which has contributed to the narrowing of cheese 57 flavour diversity. Differences in sensory quality between raw milk and pasteurised milk 58 cheeses have been shown to depend mainly on the diversity and complexity of the 59 and the band patterns were interpreted with the Lane Manager 2.1 computerized system 128 (TDI, Madrid, Spain) and clustered using the unweighted pair group method with 129 arithmetic averages (UPGMA) based on Jaccard's similarity index. 130
131

Plasmid extraction and analysis 132
Plasmid DNA was extracted from L. lactis GM17 overnight cultures using the alkaline 133 lysis procedure described by García-Quintáns et al. (1998) . Plasmid profiles were 134 obtained after separation on a 0.6% agarose gel and analysed as described above for 135
RAPD patterns. 136 137
Detection of the gene encoding -ketoisovalerate decarboxylase
138
The kivd gene was amplified using the primers kivd1 (5'-139 TATGGACCATGGCGATGTATACAGTAG-3') and kivd7 (5'-140 CTATTTATAAACTCGAGTTTATTTTGTTCAGC-3') and PCR conditions described 141 previously (de la Plaza et al. 2004) . Sequencing of PCR fragments was carried out for 142 both strands on amplified fragments at the DNA Sequence Service of the Centro de 143
Investigaciones Biológicas-CSIC (Madrid, Spain) . 144 145 146
RESULTS
148
After RAPD fingerprinting of genomic DNA and plasmid DNA analyses, only 6 149 isolates from a total of 45 L. lactis isolates failed to reproduce measurable patterns. The 150 diversity of RAPD products generated by primer P2 was higher than that producedpatterns generated by primer P2 using the Jaccard's index, which reflects the ratio of 153 band similarity. The relatedness of isolates varied between 40% and 100% for all pairs 154 of samples compared (Fig. 1) . The dendogram (Fig. 1 ) grouped 26 isolates into three 155 clusters (I, II, and III) each with a similarity level of 100%. All isolates in clusters I and 156 III ( Fig. 1 ) originated from the second and first cheese sampling respectively, while 157 cluster II contained isolates from both samples. The similarity of the isolates within 158 clusters I and III was also confirmed by their plasmid profiles (Fig 2) . By comparison 159 however, the analysis of their corresponding plasmid profiles allowed 9 isolates in 160 RAPD cluster II to be further divided into four subclusters (IIa, IIb, IIc, and IId), each 161 containing isolates that were 100% identical ( Fig. 3) and originating from the same 162 cheese sampling. 163
The genotypic similarity of isolates in RAPD clusters I, II (and plasmid profile 164 subclusters IIa-d) and III indicated that they might share similar phenotypic 165 characteristics. However, phenotypic differences could be found between isolates 166 grouped in the same cluster (Table 1) . These included variations in their acidifying and 167 proteolytic capabilities as shown by isolates in cluster I. Differences in amino acid 168 converting activities were also found between isolates that clustered at 100% identity, 169 with higher levels of variability in AraT activity compared to BcaT activity. Kivd 170 activity also varied considerably between isolates within the same cluster. Moreover, 171 this activity was only detected in 8 out of the 39 L. lactis isolates analysed (Table 2) . 172
However, the study of the kivd gene encoding the activity revealed its presence by 173 obtaining a 1647-bp PCR product (de la Plaza et al. 2004) 
[GSA]-[GSAC] typically associated with the pyruvate decarboxylase group of enzymes 187 (Prosite PDOC00166) (Fig. 4) . between L. lactis isolates (Desmasures et al. 1998; Mannu et al. 2000; Sánchez et al. 212 2000) . 213
Despite demonstrating high genotypic similarity, some phenotypic variability was 214 found between L. lactis strains isolated from the same cheese (Table 1 ). The presence of 215 both low and high proteolytic strains within the same genotypic cluster would indicate 216 that the selection of strains for use in starter cultures on the basis of their genotypic 217 similarity could lead to fermentation failure during cheesemaking or lack of mature 218 cheese flavour formation (Stadhouders et al. 1988) . In recent years, the primary target in 219 the development of new starters has been to select strains that are able to increase 220 cheese flavour formation. Usually, these studies have been performed with strains of 221 lactic acid bacteria that have been isolated from good quality raw-milk traditional 222 cheeses which results demonstrate high inter-and intra-species differences in their 223 amino acid converting enzyme activities (Smit et al. 2004; Fernández de Palencia et al. 224 2006). Here we observed considerable variation in α-ketoisovalerate activity between L. 225 lactis strains (Table 3) DNA microarray analysis revealed that the ipd gene is transcribed (Guédon et al. 2005) . 240
The lack of -keto acid decarboxylase activity in L. lactis IL1403 was subsequently 241 attributed to the truncation of the Ipd carboxyl-terminal region (de la Plaza et al. 2004; 242 Smit et al. 2005 ) required for decarboxylation (Chang et al. 2000) . Despite confirmation 243 that an intact kivd gene sequence was present in all strains tested, the high level of 244 variation in Kivd activity observed here, again emphasises that the presence of a gene 245 and/or evidence of protein expression does not necessarily equate with an enzymatic 246 capability (Table 2) . 247
In summary, we have shown that lactococcal strains from different cheese samples 248 can be genotypically distinguished by RAPD fingerprinting and plasmid profiling 249 analyses. However, genotypic similarity between lactococcal isolates was shown not to 250 correlate with a specific phenotype. These results highlight the continuing need to 251 
